The aim of the present work was to further study the characteristics of stimulation of growth of wild type and mutant cells by various auxins. The ability of the mutant to form auxinconjugates was investigated as a possible basis for increased auxin tolerance. An auxin analog specifically triggering cell death was identified by differential screening on wild-type and mutant cells.
studies (7) . A genetic approach to the study ofauxin action could help in understanding this process ofauxin-mediated cell killing. Mutants resistant to high NAA concentrations at low cell densities were selected in order to study the basis for toxicity. Two mutants which had impaired root morphogenesis were isolated (20) . NAA resistance and the absence of roots were found to be cotransmissible to the progenies of these mutants as dominant markers, which suggested that the two characteristics were consequencies of a single mutation. Mutants were immune to Agrobacterium rhizogenes transformation and the nonrooting phenotype was found to be epistatic to the hairy root phenotype in sexual crosses between NAA resistant mutants and A. rhizogenes transformed plants (23) . Rooty mutants of A. tumefaciens were also unable to induce transformation of the NAA resistant mutant (23) .
The aim of the present work was to further study the characteristics of stimulation of growth of wild type and mutant cells by various auxins. The ability of the mutant to form auxinconjugates was investigated as a possible basis for increased auxin tolerance. An auxin analog specifically triggering cell death was identified by differential screening on wild-type and mutant cells.
MATERIALS AND METHODS
An auxin requirement for the stimulation of cell proliferation has been demonstrated for many types of tissues grown in vitro. Recent work on the transformation of tissues by Agrobacterium tumefaciens have shown that the oncogenous transferred bacterial DNA encodes for two genes involved in a pathway of auxin biosynthesis, thus abolishing the requirement of exogenously supplied auxin for the growth of transformed cells (13, 22) . The mechanism by which auxin triggers cell proliferation and differentiation is still far from being understood. Specific auxin receptors have been postulated but no proof for their function in mediating auxin actions has been given (1 1).
Cells derived from mesophyll protoplasts of tobacco and grown at low densities were found to be killed by relatively low auxin concentrations (5 FAM NAA2 or IAA) (6) . A (1, 18) . P-Br C6H4 CHOHCOOC2H5 + DAST 4 p-Br C6H4CHFCOOC2H5 5 The reaction with DAST was realized at -10°C under N2 atmosphere, in methylene chloride distilled over P205 (1) . The evolution of the reaction was followed by chromatography on silica gel HF.254 plates. Three days later, the fluorinated compound 5 was isolated by usual workup (1, 8 tions. NAA concentrations between 1 and 10 jiM promoted root and callus development from wild-type germinating seeds. NAA concentrations above 15 uM completely inhibited the development of differentiated tissues from wild-type seeds and only calli could develop to a limited extent from embryo tissues (Fig. 1) . On the contrary, mutant seeds could develop normal leaves in the presence of up to 50 tiM NAA (Fig. 1) Fig. 2 ). Since substances such as picloram stimulate growth without being significantly toxic at the cell level, auxin structural analogs which are as toxic as IAA and NAA, but which are not growth promoters, were sought.
A series of substituted phenylacetic acids were compared for their ability to promote growth and to induce cell death on wild type and mutant cells. As expected from previous studies (9, 19) , only halogenated phenylacetic acids displayed significant growth stimulating properties (Table II) . Among those molecules phenylacetic acids halogenated in the meta position, and to a lesser extent in the ortho position, were able to stimulate cell proliferation (Table II and Fig. 3 ). Phenylacetic acids halogenated in the meta or para position were toxic. p-Chloro-and p-bromophenylacetic acids were more toxic to wild-type than to mutant cells, although they were not able to promote growth significantly (Fig.  3) .
Metabolization of NAA by Wild-Type and Mutant Cells. A more efficient conjugation of auxins by mutant cells than by wild-type cells could be the basis for cell tolerance to high auxin concentrations, since aspartic acid conjugates of IAA and NAA are not cytotoxic (Table I) . Wild-type and mutant cells were Table I . Growth Stimulation and Toxicities of Various Naphthalene Derivatives Assays for low density growth stimulation and toxicity measurements were performed by plating efficiency determinations as described under "Materials and Methods." The lowest concentration of the tested molecule inducing a RPE of 20% has been interpolated on a graphic plot of RPE versus the concentration of the tested molecule as presented in Figure 3 . Molecules for which the highest RPE at any concentration tested was below 20% are noted NS. Cytotoxicities were measured in the presence of 0.5 AM NAA in order to evaluate the toxic effects of non growth-promoting molecules. Concentrations inducing a RPE lower than 20% were also determined by interpolation to measure cytotoxicities.
Growth triiodobenzoic acid and naphthylphthalamic acid on the growth of wild-type and mutant cells were also compared. Triiodobenzoic acid and naphthylphthalamic acid did not promote low density growth. When tested in the presence of growth-stimulating concentrations of NAA, naphthylphthalamic acid was only weakly toxic for concentrations higher than 100 gM. The extent of toxicity was similar for wild-type and mutant cells suggesting that p-bromophenylacetic acid had a different target than auxin transport inhibitors (Table I) . As expected for a molecule preventing transport of auxin out of cells (13) , triiodobenzoic acid slightly improved the stimulation of growth at low NAA concentrations, but again no difference was detected in the effect of this molecule on wild-type and mutant cells (results not shown). amount of auxin present in the culture medium by efficient destruction or conjugation of this auxin. For instance, tobacco meosphyll protoplasts incubated at a standard density (105 protoplasts/ml) induce a tenfold reduction of the initial NAA concentration (15 gM) in the culture medium after 1 d of incubation (6, 7) . Under these high cell density growth conditions, it is difficult to correlate the biological activity of a molecule with its concentration in the culture medium. When cells are grown at low densities (100 cells/ml), the extent of the modification ofthe concentration of growth regulators induced by cells during incubation is strongly reduced, and this allows a proper evaluation of the growth promoting activity of these growth regulators. In previous studies, NAA and IAA were found to be required for the induction of the proliferation of cells grown at low densities, an optimal stimulation of growth being observed for concentrations ranging from 0.05 to 1 gM (21) . These molecules are toxic at concentrations higher than 3 gM, the killing effect being observed as shortly as 3 d after their addition to the culture medium. Similar experiments were performed at standard high cell densities. In these experiments no clearly detectable toxicity of IAA or NAA was detected even at concentrations as high as 25 Mm (7, 21) . The isolation ofa NAA-tolerant mutant oftobacco allowed us to compare the basis ofthe toxicity ofthese molecules at the cellular level (20) . It uring the relationship pK =f(a), rigorously valid for the solvent chosen. This scale is a reflection of the changes in pK and of the conformation of the acid functional group in relation to the plane of the aromatic ring (Table II) . The dual biological action involving auxin and toxic effects is probably due to molecular interactions related to the particular conformations caused by the substituents. The examination of the biological activity/ substituent effect relationship involves the determination of the extinction of auxin activity.
The acid I (Table II) is unsuitable, since the substituent can form a second concurrent hydrogen bond. The halogen derivatives are apparently the best adapted to the active biological site as observed previously (9, 16, 19) . Substitution in the ortho position is highly unfavorable as a result ofthe electric field effect of the substituent (10) and the considerable conformational interaction it induces on the acid function 13. p-Bromophenylacetic acid 7 has no auxin effect. The polarization potential and the Van der Waals radius of bromine are apparently the best adapted to interactions with an appropriate cavity ofthe receptor site. Meta or para substitutions lead to slight differences among compounds 7, 8, 9, and 10. The substituent effect is shown primarily by the pK value. In this case, anisotropic variations of the halogen-substituted ring are negligible in comparison to variations of electron delocalization (2) . The fluorinated acid 8 verifies the validity of a specific interaction with the receptor involving the carboxyl group (16) , since fluorine modifies only the conformation of the carboxyl function and the pK, which thus becomes much higher than that of the acid 7. The activities ofthe fluorinated acid 8 are comparable to those ofp-nitrophenylacetic acid 12.
Mechanism of Resistance of Mutant Cells to Auxins. Auxin tolerance of mutant cells and tissues is not correlated with an increased rate of conjugation of auxins by these tissues or to a perturbation of auxin transport.
An altered rate of biosynthesis of auxin is probably also not the basis for resistance of the mutant to NAA and related molecules. This assumption would be in agreement with data on the transformation of mutant tissues with various mutants of Agrobacterium (23), the NAA-resistance mutation being generally found to be dominant over the auxin-related modifications of development induced by the expression of T ( 12) .
